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(57) ABSTRACT 

A transparent touch panel comprises a pair of transparent 
conductive substrates and a retardation ?lm. A transparent 
conductive ?lm is formed on at least one surface of each of 
these substrates and these substrates are arranged such that 
the transparent conductive ?lms are alloWed to face each 
other. By depressing the substrate, these substrates are 
brought into mutual contact to perform the position detec 
tion. The retardation ?lm is made of an amorphous plastic 
material, meets the relationship nZ>ny and has a retardation 
(nx—ny)><d falling Within a range of betWeen 90 nm and 200 
nm, Wherein d represents the thickness of the ?lm, nx the 
maximum refractive index Within the plane of the retarda 
tion ?lm, ny the refractive index in a direction perpendicular 
to nx, and n2 the refractive index in the thickness direction 
of the retardation ?lm. 
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TRANSPARENT TOUCH PANEL AND LIQUID 
CRYSTAL DISPLAY DEVICE EQUIPPED WITH 

TRANSPARENT TOUCH PANEL 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This is a continuation of application No. PCT/ 
JP99/02919, ?led Jun. 1, 1999. 

[0002] This application is based upon and claims the 
bene?t of priority from the prior Japanese Patent Applica 
tions No. 10-171522, ?led Jun. 18, 1998; and No. 
10-220340, ?led Aug. 4, 1998, the entire contents of Which 
are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0003] The present invention relates to a transparent touch 
panel capable of preventing the visual recognizing capability 
by the re?ection of the external light from being loWered 
When the transparent touch panel is mounted to a liquid 
crystal cell, and to a liquid crystal display device equipped 
With the transparent touch panel. 

[0004] In recent years, liquid crystal display elements 
attract attentions as an image display element. The liquid 
crystal display element is expected to be applied to, for 
example, a portable data assist notebook, an information 
terminal, a vieWing ?nder for a video camera and a monitor 
for a car navigation system. Also, in recent years, desired is 
an input system in Which a transparent touch panel is 
disposed on a display element for performing the input 
operation While observing the display screen. KnoWn is a 
tough panel of a resistance ?lm type. In the conventional 
tough panel of a resistance ?lm type, a touch panel prepared 
by using polyethylene terephthalate (PET) ?lm having a 
transparent conductive ?lm formed thereon and a glass plate 
having a transparent conductive ?lm formed thereon is 
superposed on a liquid crystal display element. 

[0005] On the other hand, With expansion in the use of the 
touch panel, required are an improved contrast of the display 
and the function of preventing re?ection of the external 
light. To meet these requirements, it is attempted to make the 
touch panel and the liquid crystal display device integral. 
For example, proposed in Japanese Patent Disclosure 
(Kokai) No. 10-48625 is a liquid crystal display device. It is 
proposed that a touch panel is arranged betWeen a polariZing 
plate on the display side and a liquid crystal cell, said liquid 
crystal cell having a liquid crystal material sealed betWeen 
transparent electrode substrates. Also, a retardation corre 
sponding to 1A1 Wavelength of the visible light is imparted to 
the transparent conductive substrate included in the touch 
panel. Alternatively, a retardation ?lm is bonded to the 
transparent conductive substrate so as to prevent the inter 
nally re?ected light produced by incorporation of the touch 
panel. 
[0006] It is important for the retardation ?lm to have a 
uniform retardation because the optical characteristics of the 
retardation ?lm affect the polariZed state of the light. The 
PET ?lm used in the past as the touch panel is a crystalline 
plastic ?lm and, thus, is partially crystalliZed Within the ?lm. 
As a result, the molecules are nonuniformly oriented, lead 
ing to a large unevenness in the retardation. It folloWs that 
the PET ?lm cannot be used for the purpose described 
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above. Therefore, it is studied to use a ?lm made of an 
amorphous plastic material such as polycarbonate, polyary 
late, polysulfone, polyether sulfone or a modi?ed polyole?n 
having a norbornene skeleton. 

[0007] The touch panel using any of these ?lms permits 
achieving a desired improvement in the characteristics When 
vieWed in a direction perpendicular to the display surface. 
To be more speci?c, the contrast is improved and the 
re?ected light is suppressed, compared With the case Where 
the touch panel is combined above the liquid crystal display 
device, so as to provide a display screen that can be observed 
very easily. HoWever, if the display surface is observed 
obliquely during the color display or graduated display, the 
graduation is inverted compared With the displayed image of 
the liquid crystal display device before integration of the 
touch panel. In the extreme case, the monochromatic display 
is inverted or the color balance of the color display is 
collapsed so as to bring about practical problems such as 
deterioration in the quality of the displayed image and the 
poor vieWing angle characteristics of the displayed image. 

[0008] As a result of an extensive research conducted in an 
attempt to overcome the above-noted problems, the present 
inventors have found that a dif?culty resides in the optical 
characteristics of the retardation ?lm used in the touch panel. 
It has been found that the problems noted above can be 
solved by using a retardation ?lm Whose optical character 
istics have been controlled With a higher degree in place of 
the retardation ?lm obtained by the ordinary uniaxial draW 
ing, leading to the present invention. 

BRIEF SUMMARY OF THE INVENTION 

[0009] According to a ?rst aspect of the present invention, 
there is provided a transparent touch panel, comprising: 

[0010] a pair of transparent conductive substrates 
each having a transparent conductive ?lm formed on 
at least one surface and arranged such that the 
transparent conductive ?lms of the transparent con 
ductive substrates are alloWed to face each other, the 
pair of transparent conductive substrates being 
brought into mutual contact upon depression of the 
transparent conductive substrate on the upper side so 
as to perform the position detection; and 

[0011] a retardation ?lm made of an amorphous plas 
tic material, meeting the relationship nZ>ny, and 
having a retardation, Which is represented by (nx 
ny)><d, falling Within a range of betWeen 90 nm and 
200 nm, Where d represents the thickness of the 
retardation ?lm, nx represents the maximum refrac 
tive index Within the plane of the retardation ?lm, ny 
represents the refractive index in a direction perpen 
dicular to nx, and n2 represents the refractive index 
in a thickness direction of the retardation ?lm. 

[0012] In another touch panel of the present invention, the 
photoelasticity coefficient of the retardation ?lm falls Within 
a range of betWeen 5x10“13 cm2/dyne and 65x10“13 cm2/ 
dyne. 

[0013] According to a second aspect of the present inven 
tion, there is provided a liquid crystal display device integral 
With the touch panel of the present invention, comprising a 
polariZing plate arranged on the side of the display surface, 
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a liquid crystal cell, and the transparent touch panel arranged 
betWeen the polarizing plate and the liquid crystal cell. 

[0014] According to a third aspect of the present inven 
tion, there is provided a liquid crystal display device integral 
With the touch panel of the present invention, comprising a 
polariZing plate, a ?rst retardation ?lm, a touch panel, a 
second retardation ?lm and a liquid crystal cell, Which are 
arranged in the order mentioned, 

[0015] Wherein, the touch panel is a resistance ?lm 
type transparent touch panel, 

[0016] the retardation value represented by (nx 
ny)><d falls Within a range of betWeen 90 nm and 200 
nm, Where nx represents the refractive index in the 
direction of the sloW axis (maximum refractive 
index) Within the planes of the ?rst and second 
retardation ?lms, ny represents the refractive index 
in a direction perpendicular to the sloW axis, nZ 
represents the refractive index in the thickness direc 
tion of the retardation ?lms, and d represents the 
thickness of the ?rst and second retardation ?lms, 
and 

[0017] at least one of the ?rst and second retardation 
?lms meets the relationship nZ>ny. 

[0018] In the liquid crystal display device integral With the 
touch panel of the present invention, the ?rst retardation ?lm 
meets the relationship nzény and the second retardation 
?lm meets the relationship nZ>ny. 

[0019] Also, in the liquid crystal display device integral 
With the touch panel of the present invention, the ?rst and 
second retardation ?lms are arranged such that the nx 
directions of these retardation ?lms are substantially per 
pendicular to each other. 

[0020] Further, in the liquid crystal display device integral 
With the touch panel of the present invention, the ?rst 
retardation ?lm is made of a resin having a photoelasticity 
coef?cient falling Within a range of betWeen 5x10“13 cm2/ 
dyne and 65x10‘13 cm2/dyne. 

[0021] Additional objects and advantages of the invention 
Will be set forth in the description Which folloWs, and in part 
Will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realiZed and obtained by means of the 
instrumentalities and combinations particularly pointed out 
hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0022] The accompanying draWings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
presently preferred embodiments of the invention, and 
together With the general description given above and the 
detailed description of the preferred embodiments given 
beloW, serve to explain the principles of the invention. 

[0023] FIG. 1 is a cross sectional vieW shoWing a liquid 
crystal display device equipped With a ?rst transparent touch 
panel of the present invention. 

[0024] FIG. 2 is a cross sectional vieW shoWing a liquid 
crystal display device equipped With a second transparent 
touch panel of the present invention. 
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[0025] FIG. 3 is a cross sectional vieW shoWing a liquid 
crystal display device equipped With a third transparent 
touch panel of the present invention. 

[0026] FIG. 4 is a cross sectional vieW shoWing a liquid 
crystal display device equipped With a fourth transparent 
touch panel of the present invention. 

[0027] FIG. 5 is a cross sectional vieW shoWing a liquid 
crystal display device equipped With a ?fth transparent touch 
panel of the present invention. 

[0028] FIG. 6 shoWs the relative arrangement of the 
constituents of the liquid crystal display device equipped 
With a transparent touch panel of the present invention, 
Wherein arroWs denote the nx direction of the retardation 
?lm or the direction of the polariZing axis of the polariZing 
plate. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0029] KnoWn amorphous transparent plastic materials 
can be used in the present invention as a plastic material 
forming a transparent ?lm made of an amorphous plastic 
material. Preferred materials include, for example, bisphe 
nols having an alkylidene group such as bisphenol A as a 
bisphenol component as Well as polycarbonate series plastic 
materials, polyester carbonate series plastic materials and 
polyarylate series plastic materials each having bisphenol 
having a substituted or unsubstituted cycloalkylidene group. 
It is also possible to use preferably polysulfone, polyether 
sulfone and norbornene series resins disclosed in Japanese 
Patent Disclosure No. 07-287122. Concerning the heat resis 
tance of these plastic materials, it is generally desirable for 
the glass transition temperature of these plastic materials to 
be not loWer than 80° C., preferably to be not loWer than 
120° C., more preferably to be not loWer than 140° C., and 
most preferably to be not loWer than 160° C. 

[0030] The ?lm used in the present invention can be 
prepared by the knoWn ?lm forming methods such as a melt 
extruding method and a solvent casting method. It is desir 
able to employ the solvent casting method because it is 
possible to obtain a ?lm having a smooth surface and small 
in unevenness in the thickness and in the retardation. In the 
case of employing the solvent casting method, it is possible 
to obtain a ?lm having a surface roughness (Ra value) not 
larger than 100 nm and an unevenness in thickness Which is 
not larger than 5% of the average ?lm thickness. 

[0031] It is necessary for the retardation ?lm used in the 
transparent touch panel of the present invention to meet the 
relationship nZ>ny, Where ny represents the refractive index 
in a direction perpendicular to nx, Which is the maximum 
refractive index Within the ?lm plane, and n2 represents the 
refractive index in the thickness direction of the ?lm. The 
dependence of the displayed image quality on the vieWing 
angle is derived from the fact that the retardation of the ?lm 
represented by the product betWeen the birefringence (nx 
ny) and the thickness d of the ?lm is changed depending on 
the vieWing angle. The dependence on the vieWing angle can 
be diminished by meeting the relationship nZ>ny in at least 
one retardation ?lm. 

[0032] The preferred relationship among nZ, ny and n2 
differs depending on the relative arrangement betWeen the 
retardation ?lm and the touch panel of the liquid crystal cell, 
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making it necessary to determine appropriately by experi 
ence the preferred relationship. In the case of using only one 
retardation ?lm, it is desirable to select the values of nx, ny 
and nZ to permit the value of nZ, Which is represented by 
(nx—nZ)/(nx—ny), to fall Within a range of betWeen 0.9 and 
0.1, preferably Within a range of betWeen 0.8 and 0.2, and 
more preferably Within a range of betWeen 0.7 and 0.3. By 
selecting the values of nx, ny and nZ to fall Within the range 
noted above, it is possible to permit the ratio of the retar 
dation Rx(40) or Ry(40) measured in a direction inclined by 
40° in a direction of nx or ny to the retardation (R(0)) 
measured in the direction perpendicular to the ?lm surface, 
i.e., Rx(40)/R(0) or Ry(40)/R(0), to fall Within a range of 
betWeen 1.08 and 0.90, preferably betWeen 1.05 and 0.95, 
and 1.03 and 0.96. 

[0033] It is desirable for the retardation R(0) to be 1A 
Wavelength relative to the Wavelength of the visible light. In 
general, the retardation R(0) falls Within a range of betWeen 
90 nm and 200 nm, preferably not shorter than 110 nm and 
not longer than 160 nm. In this case, it is desirable for R(0) 
to be 1A Wavelength for each Wavelength of the visible light. 
It is desirable for the retardation ?lm to be formed of an 
ole?nic plastic material such as a norbornene series resin. 

[0034] In the case of using tWo retardation ?lms, the 
preferred relationship among nx, ny and nZ of one retarda 
tion ?lm having a relationship nZ>ny differs depending on 
the optical characteristics of said one retardation ?lm and the 
other retardation ?lm and the relative arrangement betWeen 
the liquid crystal cell and the touch panel, making it neces 
sary to determine appropriately by experience the preferred 
relationship among nx, ny and nZ of one retardation ?lm 
having a relationship nZ>ny. Where said one retardation ?lm 
is formed of a retardation ?lm prepared by uniaxially 
stretching a plastic material having positive birefringence 
properties such as polycarbonate, i.e., Where one retardation 
?lm has the relationship nZ>ny, With the other retardation 
?lm having the relationship nZ<ny, it is desirable to select 
the values of nx, ny and nZ to permit the NZ value repre 
sented by (nx—nZ)/(nx—ny) to fall Within a range of betWeen 
—0.9 and 0.8, preferably betWeen —0.7 and 0.4, and more 
preferably betWeen —0.5 and 0.3. Where each of the tWo 
retardation ?lms meets the relationship nZ>ny, it is desirable 
for the NZ value to fall Within a range of betWeen 0.9 and 0.1, 
preferably betWeen 0.8 and 0.2, and more preferably 
betWeen 0.7 and 0.3. By selecting the values of nx, ny and 
nZ to permit the NZ value to fall Within the range noted 
above, it is possible to diminish the dependence of the 
retardation value on the vieWing angle generated from the 
?rst retardation ?lm and the second retardation ?lm. 

[0035] To be more speci?c, if the retardation values of the 
?rst and second retardation ?lms are equal to each other in 
the case Where the ?rst retardation ?lm and the second 
retardation ?lm are arranged such that the sloW axis direc 
tion (nx) Within the ?lm plane for the ?rst retardation ?lm is 
substantially perpendicular to the sloW axis direction (nx) 
Within the ?lm plane for the second retardation ?lm, the 
resultant retardation value is Zero. HoWever, if the retarda 
tion value is measured in a direction inclined from the 
direction perpendicular to the display surface, the retarda 
tion value is greatly increased to reach 30 nm or more in the 
case of using the conventional retardation ?lm, giving rise to 
inconveniences in the displayed image such as inversion of 
the color tone and collapse of the color balance. On the other 
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hand, in the case of using a retardation ?lm meeting the 
relationship nZ>ny as at least one of the retardation ?lms, it 
is possible to suppress markedly the increase in the resultant 
retardation value by selecting an appropriate value. 

[0036] As disclosed in, for example, Japanese Patent Dis 
closure No. 2-160204, Japanese Patent Disclosure No. 
5-157911 and Japanese Patent Disclosure No. 4-230704, the 
particular retardation ?lm can be manufactured by the 
knoWn method by orienting the molecules in a predeter 
mined direction. Also, the retardation ?lm used in the 
present invention can be easily obtained by stretching a ?lm 
made of a material having negative birefringence properties 
such as polystyrene, as disclosed in Japanese Patent Disclo 
sure No. 2-256023. 

[0037] The ?rst retardation ?lm is used integral With the 
polariZing plate. In some cases, strain under stress is applied 
to the ?lm constituting the touch ?lm because of deforma 
tion of the polariZing plate under the environment of the use. 
The birefringence of the ?lm is changed by the strain under 
stress so as to be deviated from a preferred range. Also, an 
unevenness in the retardation is generated Within the plane 
so as to markedly degrade the displayed image quality. 
Under the circumstances, it is desirable to use a material 
Whose birefringence is unlikely to be changed by the stress. 
On the other hand, Where a retardation is imparted to the 
?lm, the material in Which the birefringence tends to be 
developed to some extent is adapted for the processing 
because the molecules are easily oriented by stress. In 
general, it is desirable to use a ?lm made of a plastic material 
having a photoelasticity coef?cient falling Within a range of 
betWeen 5x10‘13 cm2/dyne and 65x10‘13 cm2/dyne, prefer 
ably betWeen 10><10_13 cm2/dyne and 65x10“13 cm2/dyne. 

[0038] As described above, a stretched ?lm made of a 
plastic material such as polycarbonate, polyarylate, polysul 
fone or polyether sulfone or a knoWn amorphous plastic 
material such as a modi?ed polyole?n, or a norbornene 
series plastic material can be used as a preferred retardation 
?lm used in the present invention. In terms of the uneven 
ness in the retardation derived from the deformation of the 
polariZing plate described previously and the Workability, 
particularly preferred plastic materials are polyarylate, poly 
carbonate and polyester carbonate having a bisphenol com 
ponent having substituted or unsubstituted cycloalkylidene 
group or an alkylidene group having at least 5 carbon atoms. 
To be more speci?c, plastic materials used preferably in the 
present invention include, for example, polycarbonate, pol 
yarylate and polyester carbonate having 1,1-bis (4-hydrox 
yphenyl)-cyclohexane, 1,1-bis (4-hydroxyphenyl)-3,3,5-tri 
methyl cyclohexane, 3,3-bis (4-hydroxyphenyl)-pentane, or 
4,4-bis (4-hydroxyphenyl)-heptane as a bisphenol compo 
nent. 

[0039] The present invention Will noW be described With 
reference to the accompanying draWings. 

[0040] As shoWn in FIGS. 1 and 2, a touch panel 8 of the 
present invention comprises a ?rst transparent conductive 
substrate 3 made complex With a retardation ?lm and having 
a transparent conductive ?lm 6 formed on one surface and 
a second transparent conductive substrate 6 having another 
transparent conductive ?lm 6 formed on one surface. These 
?rst and second transparent conductive substrates 3 and 6 
are arranged such that the transparent conductive ?lms 6 are 
alloWed to face each other. It is possible for the ?rst 
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transparent conductive substrate 3 to be prepared by forming 
a transparent conductive ?lm on a retardation ?lm. The 
second transparent conductive substrate 4 is prepared by 
forming a transparent conductive ?lm on, generally, a glass 
substrate, Which does not exhibits a birefringence, in vieW of 
the construction that the second transparent conductive 
substrate 4 is incorporated in a polarizing plate. Alterna 
tively, the second transparent conductive substrate 4 can be 
prepared by attaching an additional retardation ?lm referred 
to hereinlater to the glass substrate or by forming a trans 
parent conductive ?lm directly on a retardation ?lm. 

[0041] In order to impart the function of a touch panel, a 
spacer, an electrode, an insulating ?lm, etc. are formed on 
each of the tWo transparent conductive substrates. The touch 
panel of the particular construction is arranged betWeen a 
polariZing plate 1 on the display side of a liquid crystal 
display device and a liquid crystal cell 7 such that the angle 
betWeen the absorption axis of the polariZing plate and the 
nx direction of the retardation ?lm is substantially 45° and 
the retardation ?lm is in contact With the polariZing plate 1. 
Needless to say, the retardation ?lm is bonded to the 
polariZing plate 1 With an adhesive having a suitable refrac 
tive index so as to suppress the light re?ection. 

[0042] In a liquid crystal display device, a retardation ?lm 
or a compensating ?lm for increasing the vieWing angle are 
arranged in some cases betWeen the polariZing plate 1 on the 
display side and the liquid crystal cell 7 in order to improve 
the display quality. Where the touch panel of the present 
invention is made integral With such a liquid crystal display 
device, it is necessary to determine the relative arrangement 
so as not to impair the optical function. Also, it is possible 
to arrange a polariZing plate betWeen the touch panel 8 and 
the liquid crystal cell 7. 

[0043] It is desirable to apply an antire?ection treatment to 
that surface of the polariZing plate 1 Which is attached to a 
transparent touch panel so as to further decrease the re?ec 
tion of the external light. 

[0044] It should be noted that a retardation ?lm is arranged 
inside the polariZing plate 1 in the present invention, With 
the result that the transmitted light is colored by the retar 
dation. In order to prevent the coloring phenomenon and to 
ensure satisfactory display characteristics, it is desirable to 
arrange an additional retardation ?lm 5 on the loWer side of 
the touch panel, as shoWn in FIG. 2 directed to a second 
embodiment of the present invention. It is particularly 
desirable for the retardation ?lm 5 to be formed of a material 
equal to the material of the retardation ?lm incorporated in 
the touch panel 8. It is also desirable for the retardations of 
these tWo retardation ?lms to be substantially equal to each 
other. It is desirable for the second retardation ?lm 5 for 
color compensation to be arranged on the liquid crystal 
display cell 7 beloW the touch panel 8. HoWever, it is 
possible for the second retardation ?lm 5 to be bonded to the 
loWer transparent conductive substrate 4 included in the 
touch panel 8. Needless to say, it is also desirable for the 
touch panel 8 to be bonded to the second retardation ?lm 5 
With an adhesive having a suitable refractive index so as to 
suppress the light re?ection. In general, the retardation ?lm 
5 for color compensation is arranged such that the nx 
direction of the retardation ?lm 5 is substantially perpen 
dicular to the nx direction of the retardation ?lm included in 
the touch panel 8. HoWever, the retardation ?lm 5 may be 
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arranged such that the nx direction of the retardation ?lm 5 
is equal to the nx direction of the retardation ?lm included 
in the touch panel 8. Where the retardation ?lm 5 is arranged 
such that the nx direction of the retardation ?lm 5 is equal 
to the nx direction of the retardation ?lm included in the 
touch panel 8, the polariZing plate 1 on the side of the 
display surface is arranged 90° deviant from the angle of the 
absorption axis of the original polariZing plate. 

[0045] Of course, it is desirable for all the retardation ?lms 
included in the arrangement described above to be formed of 
the retardation ?lm speci?ed in the present invention. HoW 
ever, it is possible to use an ordinary retardation ?lm having 
nZ smaller than ny, Which does not fall Within the technical 
scope of the present invention, as at least one of the 
retardation ?lms. Where each of the tWo retardation ?lms 
meets the relationship nZ>ny, it is desirable for the NZ value 
to fall Within a range of betWeen 0.9 and 0.1, preferably 
betWeen 0.8 and 0.2, and more preferably betWeen 0.7 and 
0.3. Where only one of the tWo retardation ?lms meets the 
relationship nZ>ny, it is desirable for the NZ value to fall 
Within a range of betWeen —0.9 and 0.8, preferably betWeen 
—0.7 and 0.4, and more preferably betWeen —0.5 and 0.3. 

[0046] In the transparent touch panel 8 of the present 
invention, it is desirable for the transparent conductive 
substrate 3 on the upper side corresponding to the side of the 
display surface to be formed of a retardation ?lm of the 
present invention. In forming the transparent conductive 
?lm 6 on the retardation ?lm of the present invention, it is 
desirable to form a coating layer in a thickness of 0.1 to 10 
pm, preferably in a thickness of 1 to 5 pm, on that surface 
of the retardation ?lm on Which the transparent conductive 
?lm is formed in order to improve the adhesive force or 
mechanical strength betWeen the transparent conductive ?lm 
6 and the retardation ?lm. The preferred coating layer is 
formed of, for example, an organic coating material such as 
a melamine resin, an acrylic resin, an urethane resin, an 
alkyd resin, and a ?uorine-containing resin. It is also pos 
sible to use an organic-silicone complex material for form 
ing the coating layer. The complex material is prepared by 
mixing, for example, a partially hydrolyZed material of alkyl 
tri-alkoxy silane or tetra-alkoxy silane With polyester polyol 
or etheriZed methylol melamine. It is also possible to use 
suitably partially hydrolyZed material of amino silane or 
epoxy silane, a mixture of a silane coupling agent and a 
partially hydrolyZed material of alkyl tri-alkoxy silane or 
tetra-alkoxy silane, and a mixture of colloidal silica and 
alkyl tri-alkoxy silane. It is possible to obtain a ?lm having 
a solvent resistant layer by coating one surface or both 
surfaces of the transparent ?lm of the present invention With 
these materials, folloWed by thermally curing the coating. In 
this case, it is desirable to use a loW temperature thermo 
setting type catalyst because the catalyst serves to suppress 
the undesirable thermal damage of the ?lm. It is also 
possible to use suitably a cured layer prepared by adding a 
photosensitiZer to a monomer or oligomer such as a poly 
functional acrylate, folloWed by irradiating the mixture With 
an ultraviolet light or an electron beam. 

[0047] It is possible to add various ?llers to the coating 
layer, as desired. The ?ller addition permits preventing 
generation of undesirable NeWton’s rings caused by inter 
ference of light betWeen the transparent electrodes and also 
permits preventing blocking betWeen the transparent con 
ductive substrates. The preferred ?llers used in the present 
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invention include organic ?llers such as polymethacrylic 
acid esters, polyacrylic acid esters, polyole?ns, polystyrene, 
divinyl benzene, benZoguanamine and organic silicones and 
inorganic ?llers such as silica, alumina, and titanium oxide. 
On the other hand, the ?ller addition imparts in some cases 
a garish impression to the displayed image, making it 
necessary to keep the clarity of the transmitted image at 80% 
or more by optimiZing the ?ller shape, and the coating 
conditions of the coating agent. 

[0048] In the liquid crystal display apparatus of the present 
invention, a polariZing plate 11, a ?rst retardation ?lm 12, a 
touch panel 18, a second retardation ?lm 15 and a liquid 
crystal cell 17 are arranged in the order mentioned starting 
With the display surface, as shoWn in FIG. 3. The polariZing 
plate 11 on the display side is arranged such that the 
polariZing aXis of the polariZing plate 11 forms an angle of 
substantially 45° With the nX direction of the ?rst retardation 
?lm 12. The resistance ?lm type touch panel 18 used in the 
present invention comprises tWo transparent conductive 
substrates 13 and 14 each having a transparent conductive 
?lm 16 formed on at least one surface. These tWo transparent 
conductive substrates 13 and 14 are arranged to permit the 
transparent conductive ?lms 16 to face each other. If the 
transparent conductive substrate 13 on the upper side is 
depressed, the tWo conductive substrates 13 and 14 are 
brought into mutual contact so as to detect the position. In 
other Words, the resistance ?lm type touch panel 18 is 
formed by arranging the ?rst transparent conductive sub 
strate 13 and the second transparent conductive substrate 14 
in a manner to permit the transparent conductive ?lms 16 to 
face each other. A spacer, an electrode, an insulating resin 
?lm, etc. are formed to permit the tWo transparent conduc 
tive substrates 13 and 14 to perform the function of the touch 
panel 18. The ?rst transparent conductive substrate 13 can 
be prepared by forming the transparent conductive layer 16 
on an optically isotropic ?lm. Also, it is possible for the ?rst 
transparent conductive substrate 13 to be made compleX 
With the ?rst retardation ?lm 12. It is particularly desirable 
to prepare the ?rst transparent conductive substrate 13 by 
forming the transparent conductive ?lm 16 on the ?rst 
retardation ?lm 12, as shoWn in FIG. 4. The particular 
construction permits decreasing the thickness of the ?lm on 
the input side of the touch panel, i.e., on the side of the 
display surface, making it possible to maintain a small 
pushing force required for the touch input so as to facilitate 
the input. The second transparent conductive substrate 14 is 
formed of an optically isotropic material and can be pre 
pared in general by forming the transparent conductive ?lm 
16 on a glass substrate. The second transparent conductive 
substrate 14 can be attached to the second retardation ?lm 
15. Alternatively, the transparent conductive ?lm 16 can be 
formed directly on the second retardation ?lm 15 for pre 
paring the second transparent conductive substrate 14. It is 
desirable for the second retardation ?lm 15 to be arranged on 
the liquid crystal cell 17 beloW the touch panel 18, though 
it is possible to attach the second retardation panel 15 to the 
second transparent conductive substrate 14 on the loWer 
side, Which is included in the touch panel 18. The second 
retardation ?lm 15 is arranged such that the nX direction of 
the second retardation ?lm 15 is substantially parallel or 
perpendicular to the nX direction of the ?rst retardation ?lm 
12. 

[0049] In this case, it is possible for the liquid crystal cell 
17 positioned adjacent to the second retardation ?lm 15 to 

Jul. 19, 2001 

have a polariZing plate 21 on the electrode substrate con 
stituting the liquid crystal cell 17, as shoWn in FIG. 5. The 
polariZing plate 11 arranged on the side of the display 
surface also performs the function of the polariZing plate on 
the side of the display surface of the liquid crystal display 
device. Therefore, it is necessary to arrange the polariZing 
plate 11 With attentions paid to the angle of the polariZing 
aXis of the polariZing plate 11 relative to the liquid crystal 
display device. Where the retardation plates 12 and 15 are 
arranged such that the nX directions of these retardation 
plates 12 and 15 are perpendicular to each other, it is 
desirable to arrange the polariZing aXis of the polariZing 
plate 11 on the side of the display surface in a direction equal 
to the direction of the polariZing aXis of the polariZing plate 
arranged in advance on the side of the display surface of the 
liquid crystal display device. On the other hand, Where the 
retardation ?lms 12 and 15 are arranged such that the nX 
directions are substantially equal to each other, it is desirable 
arrange the polariZing plate 11 on the side of the display 
surface such that the polariZing aXis of the polariZing plate 
11 is substantially perpendicular to the polariZing aXis of the 
polariZing plate arranged in advance on the side of the 
display surface of the liquid crystal display device. 

[0050] It is desirable to further decrease the re?ection of 
the external light by applying an antire?ection treatment to 
the surface of the polariZing plate 11 on the side of the 
display surface. 

[0051] It is possible to use the knoWn liquid crystal display 
device such as the tWisted nematic (TN) type and the super 
tWisted nematic (STN) type in the liquid crystal display 
device of the present invention. In the case of the STN type, 
a retardation ?lm for color compensation is arranged in 
many cases betWeen the polariZing plate 11 on the side of the 
display surface and the electrode substrate included in the 
liquid crystal cell 17. In this case, it is desirable for the 
retardation ?lm for color compensation to be arranged 
betWeen the second retardation ?lm 15 and the liquid crystal 
cell 17 included in the liquid crystal display device of the 
present invention. 

[0052] Further, in the liquid crystal display device of the 
present invention, it is possible to arrange knoWn other 
elements performing the function of improving the quality 
of the display image betWeen the polariZing plate 11 on the 
side of the display surface and the liquid crystal display 
device in order to improve the vieWing angle, the brightness, 
etc. of the liquid crystal display device in addition to the 
touch panel 18 and the retardation ?lms 12, 15 included in 
the liquid crystal display device of the present invention. 

[0053] In a more preferred embodiment of the present 
invention, the ?rst retardation ?lm 12 meets the condition of 
nzény, and the second retardation ?lm meets the condition 
of nZ>ny in the arrangement shoWn in FIG. 4. In this case, 
the ?rst retardation ?lm 12 can be obtained by uniaXially 
draWing a plastic ?lm that can be suitably used as the 
retardation ?lm by a knoWn method. 

[0054] As already pointed out, it is particularly desirable 
to use the ?rst retardation ?lm 12 having the transparent 
conductive layer 16 formed thereon as the ?rst transparent 
conductive substrate 13 of the touch panel 18 because the 
particular construction permits facilitating the input of the 
touch panel. In general, a heating step is employed in the 
transparent conductive processing and in the process of 
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preparing the touch panel, making it necessary for the ?lm 
substrate used to exhibit resistance to heat. Particularly, in 
the case of using a draWn ?lm like the retardation ?lm, the 
retardation value is changed by the heating during the 
processing. It folloWs that it is desirable to use a ?lm having 
a higher resistance to heat as the retardation ?lm among the 
preferred materials described previously. To be more spe 
ci?c, it is desirable to use a ?lm having a glass transition 
temperature of at least 160° C., more preferably at least 180° 
C. The speci?c materials meeting the particular requirement 
include, for example, polyarylate, polysulfone, polyether 
sulfone, and polycarbonate containing at least 30 mol per 
cent of 1,1-bis (4-hydroxyphenyl)-3,3,5-trimethyl cyclohex 
ane as the bisphenol component. 

[0055] On the other hand, if the heat resistance is 
increased as noted above, it is dif?cult to apply industrially 
a special molecule orienting treatment meeting the condition 
of nZ>ny so as to make it dif?cult to obtain a retardation ?lm 
exhibiting desired optical characteristics, though a retarda 
tion ?lm meeting the condition of nzény can be manufac 
tured by the ordinary uniaxial draWing Without bringing 
about a problem. Therefore, it is possible to obtain easily a 
liquid crystal display device performing a desired function 
by using a heat resistant retardation ?lm meeting the con 
dition of nzény as the ?rst retardation ?lm incorporated in 
the touch panel 18 and by using a retardation ?lm meeting 
the condition of nZ>ny as the second retardation ?lm 
arranged on the back surface of the touch panel 18. 

EXAMPLES 

[0056] The measuring methods of various properties 
described in Examples 1-8, Comparative Examples 1-2, and 
Reference Example 1 Will noW be described. 

[0057] <Refractive Index> 

[0058] A sample Was disposed horiZontally on a stage by 
using a polariZed microspectrophotmeter manufactured by 
Oak Seisakusho K. K. so as to measure the retardation 

(R(0)). Then, the sample Was inclined by 40° in the direction 
of the optical axis (nx direction) so as to measure similarly 
the retardation (Rx(40)). The values of nx, ny, nZ Were 
calculated by using the measured values and an average 
refractive index 

[0059] <Photoelasticity coef?cient> 

[0060] The retardation of a ?lm cut in strips each having 
a Width of 1 cm in the direction of the optical axis Was 
measured by using a micropolariZing apparatus. Further, the 
retardation Was measured by applying a load of 50 g, 100 g, 
and 150 g to one end of the strip With the other end ?xed, 
and the amount of change in the birefringence per unit stress 
Was calculated in vieW of the cross sectional area of the strip 
of the ?lm. 

[0061] <Clarity of Transmitted Image> 

[0062] The clarity of the transmitted image Was measured 
in accordance With the method speci?ed in JIS (Japanese 
Industrial Standards) K7105-1981. 

[0063] <Light Ray Transmittance> 

[0064] The light ray transmittance Was measured by using 
a light having a Wavelength of 550 nm in accordance With 
the method de?ned in ASTM E275-67. 

Jul. 19, 2001 

[0065] <HaZe> 

[0066] The haZe Was measured in accordance With the 
method speci?ed in JIS K105-1981. 

Example 1 

[0067] A ?lm made of polycarbonate comprising 1,1-bis 
(4-hydroxyphenyl)-3,3,5-trimethyl cyclohexane, bisphenol 
A (molar ratio of 4:6) and phosgene Was coated With an 
epoxy acrylic ultraviolet curable coating solution having 
divinylbenZene series ?llers having an average particle 
diameter of 2 pm dispersed therein, folloWed by curing the 
coating so as to obtain a hard coat layer having a thickness 
of about 2 pm. The polycarbonate had a molecular Weight of 
11SP/C=0.85 (32° C., 0.32 g/dl in chloroform) and a glass 
transition temperature of 180° C. (DSC). The ?lm Was 60 
pm thick, had R(0) of 139 nm, Rx(40) of 138 nm, Rx of 0.99 
(n=1.572, nx=1.5732, ny=1.5709, nZ=1.5719) and a photo 
elasticity coefficient of 62x10“13 cm2/dyne. An ITO ?lm Was 
formed on the hard coat layer by a sputtering method so as 
to prepare a retardation ?lm having a transparent conductive 
layer having a surface resistivity of 400 Q/El. 

[0068] The clarity of the transmitted image of the substrate 
measured by using a slit of 0.25 mm Was found to be 85%, 
the light ray transmittance measured by using a light having 
a Wavelength of 550 nm Was 87%, and the haZe Was found 
to be 0.8%. 

[0069] A silver electrode Was printed in an edge portion of 
the retardation ?lm equipped With the transparent conduc 
tive ?lm, and a transparent conductive glass plate having 
spacers formed at a pitch of 5 mm and a silver electrode 
printed thereon, Which Was prepared separately, Was bonded 
to the retardation ?lm such that the conductive ?lms Were 
alloWed to face each other. The bonding Was performed by 
coating an insulating adhesive in the peripheral portion of 
each of the retardation ?lm and the glass plate, thereby 
preparing a transparent touch panel. 

[0070] An additional retardation ?lm for compensation 
prepared by the process equal to the process of preparing the 
retardation ?lm used in the touch panel Was bonded to that 
surface of the transparent touch panel thus prepared Which 
is opposite to the conductive ?lm of the transparent con 
ductive glass plate included in the touch panel. These touch 
panel and the retardation ?lm for compensation Were 
arranged such that the optical axes of the retardation ?lm of 
the touch panel and the retardation ?lm for compensation 
(nx direction of the retardation ?lm) Were +45° and —45°, 
respectively (“+” representing the clockWise direction as 
vieWed from the display side). 

[0071] The retardations Were measured in a vertical direc 
tion and a direction 40° deviant from the vertical direction 
by using the touch panel having the retardation ?lms made 
integral. The retardation Was found to be 1 nm in the vertical 
direction and the measured value R‘(40) in a direction 40° 
deviant from the vertical direction Was found to be 4 nm. 
Therefore, the dependence of the retardation on the vieWing 
angle Was small. 

[0072] Also, the touch panel thus prepared Was incorpo 
rated in a TFT color TN liquid crystal device equipped With 
a back light. The resultant device Was compared With a TFT 
color TN liquid crystal device in Which the touch panel Was 
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not incorporated in respect of the viewing angle character 
istics of the displayed image. No difference Was recognized 
betWeen the tWo. 

Comparative Example 1 

[0073] A liquid crystal display device integral With a 
transparent touch panel Was prepared as in Example 1 by 
using the polycarbonate used in Example 1, except that a 
?lm (R(0)=140 nm, Rx(40)=125 nm, Rx=0.89, n=1.572, 
nx=1.5736, ny=1.5713, nZ=1.5711) obtained by uniaxially 
draWing a free end of a ?lm obtained by a solvent casting 
method Was used as the retardation ?lm. 

[0074] The retardations of the touch panel Were measured 
in a vertical direction and in a direction 40° deviant from the 
vertical direction. The retardation measured in the vertical 
direction Was found to be 2 nm. On the other hand, the 
measured value R‘(40) measured in a direction 40° deviant 
from the vertical direction Was as large as 32 nm. 

[0075] The liquid crystal display device having the touch 
panel incorporated therein Was small in the vieWing angle at 
Which the color balance Was collapsed, compared With the 
device in Which the touch panel Was not incorporated. 

Example 2 

[0076] A touch panel Was assembled as in Example 1 by 
using a ?lm made of polycarbonate containing bisphenol A 
as the bisphenol component and having a glass transition 
temperature of 149° C., a thickness of 60 pm, R(0)=139 nm, 
Rx(40)=138 nm and Rx=0.99. The photoelasticity coef? 
cient of the ?lm Was 72><10_13 cm2/dyne, n=1.586, 
nx=1.5872, ny=1.5849, nZ=1.5859. 

[0077] The retardations of the touch panel Were measured 
in a vertical direction and in a direction 40° deviant from the 
vertical direction. The retardation in the vertical direction 
Was found to be 2 nm and the measured value R‘(40) in a 
direction 40° deviant from the vertical direction Was found 
to be 5 nm. 

Examples 3-7 and Comparative Example 2 

[0078] Touch panels Were prepared as in Example 1 by 
using ?lms differing from each other in the values of nx, ny, 
and n2, and the vieWing angle characteristics of the touch 
panels Were measured, With the results as shoWn in Table 1. 
The resin used in Examples 3-7 and Comparative Example 
2 Was equal to that used in Example 1. Therefore, the 
photoelasticity coef?cient Was 62x10‘13 cm2/dyne. 
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Example 8 

[0079] A touch panel Was assembled as in Example 1 by 
using a ?lm having a thickness of 100 pm and made of a 
isobutene-N-methyl maleimide copolymer containing 50 
mol % of N-methyl maleimide and having a glass transition 
temperature of 157° C., said ?lm having R(0) of 137 nm, 
Rx(40) of 138 nm and Rx of 1.01 (n=1.54, nx=1.5407, 
ny=1.5393, nZ=1.5400). 
[0080] The retardations of the touch panel Were measured 
in a vertical direction and in a direction 40° deviant from the 
vertical direction. The retardation in the vertical direction 
Was found to be 2 nm and the retardation value R‘(40) in a 
direction 40° deviant from the vertical direction Was found 
to be 5 nm. 

Reference Example 

[0081] The touch panel obtained in each of Examples 1 
and 2 Was made integral With a liquid crystal display device 
and left to stand for 250 hours under a hot and humid 
environment of 60° C. and 90% RH. The unevenness in the 
initial retardation Was found to be not larger than 5 nm in 
each of these panels. HoWever, the unevenness in the 
retardation Was increased in the touch panel for Example 2 
such that the unevenness in the retardation in a plane Was 
increased to 20 nm. 

[0082] On the other hand, the unevenness in the retarda 
tion Was 10 nm in the touch panel for Example 1, supporting 
that the retardation Was relatively stable under the hot and 
humid environment. 

[0083] The measuring method of the properties for 
Examples 9 to 10 and Reference Example 2 Will noW be 
described. 

[0084] <Refractive Index> 

[0085] A sample Was disposed horiZontally on a stage by 
using a polariZed microspectrophotmeter manufactured by 
Oak Seisakusho K. K. so as to measure the retardation (R(0)) 
by using a light having a measuring Wavelength of 515 nm. 
Then, the sample Was inclined by 40° in the ny direction so 
as to measure similarly the retardation (Ry(40)). Also, a ratio 
of the retardation Was measured by Ry=Ry(40)/R(0). The 
values of nx, ny, nZ Were calculated by using the measured 
values and an average refractive index 

[0086] <Photoelasticity coef?cient> 

[0087] The retardation of a ?lm cut in strips each having 
a Width of 1 cm in the direction of the optical axis Was 

TABLE 1 

R (0) Rx (40) R‘ (40) 
Example n nx ny nZ nm nm NZ nm 

3 1.572 1.5730 1.5707 1.5723 141 147 1.04 0.27 11 
4 1.572 1.5731 1.5708 1.5721 138 140 1.01 0.44 4 
5 1.572 1.5734 1.5711 1.5715 138 131 0.95 0.79 14 
6 1.572 1.5735 1.5711 1.5714 141 131 0.93 0.92 21 
7 1.572 1.5728 1.5705 1.5727 140 152 1.09 0.03 23 

Comparative 1.572 1.5727 1.5704 1.5729 138 153 1.11 —0.09 29 
Example 2 
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measured by using a micropolariZing apparatus. Further, the 
retardation Was measured by applying a load of 50 g, 100 g, 
and 150 g to one end of the strip With the other end ?xed, 
and the amount of change in the birefringence per unit stress 
Was calculated in vieW of the cross sectional area of the strip 
of the ?lm. 

Example 9 

[0088] A ?lm made of polycarbonate comprising 1,1-bis 
(4-hydroxyphenyl)-3,3,5-trimethyl cyclohexane, bisphenol 
A (molar ratio of 7:3) and phosgene Was coated With an 
epoxy acrylic ultraviolet curable coating solution having 
divinylbenZene series ?llers having an average particle 
diameter of 2 pm dispersed therein, folloWed by curing the 
coating so as to obtain a hard coat layer having a thickness 
of about 2 pm. The polycarbonate had a molecular Weight of 
11SP/C=0.85 (32° C., 0.32 g/dl in chloroform) and a glass 
transition temperature of 206° C. (DSC). The ?lm Was 60 
pm thick, had R(0) of 140 nm, Ry(40) of 156 nm, Ry of 1.12 
(n=1.565, nx=1.5666, ny=1.5643, nZ=1.5641) and a photo 
elasticity coef?cient of 43x10‘13 cm2/dyne. An ITO ?lm Was 
formed on the hard coat layer by a sputtering method so as 
to prepare a retardation ?lm having a transparent conductive 
layer having a surface resistivity of 400 Q/El. The ?lm thus 
prepared Was used as the ?rst retardation ?lm shoWn in FIG. 
4. 

[0089] A transparent touch panel Was assembled by using 
a glass substrate having a transparent conductive layer 
having a surface resistivity of 200 Q/III formed on the 
surface as a second transparent conductive substrate. 

[0090] Also, a retardation ?lm made of polycarbonate 
containing bisphenol A, having a thickness of 75 pm, R(0) 
of 141 nm, Ry(40) of 132 nm, Ry of 0.94 (n=1.586, 
nx=1.5867, ny=1.5848, nZ=1.5865), and a photoelasticity 
coef?cient of 74x10“13 cm2/dyne Was used as the second 
retardation ?lm. 

[0091] The second retardation ?lm Was bonded With an 
adhesive to the surface of a transparent electrode substrate, 
Which is made of glass, of a TFT type liquid crystal display 
device equipped With a back light and having the polariZing 
plate on the side of the display surface removed therefrom, 
With the nx direction aligned With the direction of 45° 
relative to the polariZing axis of the polariZed ?lm arranged 
in advance. 

[0092] On the other hand, a polariZing plate having an 
antire?ection coating applied to the surface Was bonded With 
an adhesive to the ?rst retardation ?lm of a touch panel such 
that the nx direction of the ?rst retardation ?lm made an 
angle of 45° With the polariZing axis of the polariZing plate. 

[0093] Further, the ?rst retardation ?lm and the second 
retardation ?lm Were superposed one upon the other in a 
manner to cross each other at right angles With spacers 
interposed therebetWeen so as to assemble a liquid crystal 
display device equipped With the touch panel. 

[0094] FIG. 6 shoWs the relative arrangement of the 
constituents of the liquid crystal display device equipped 
With the touch panel. 

[0095] The surface re?ectance of the liquid crystal display 
device thus assembled Was not higher than 1%. Where the 
displayed image Was observed With the display surface 
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inclined in a horiZontal direction, the graduation inversion 
Was not recogniZed even if the display surface Was inclined 
by at least 60°. 

[0096] On the other hand, in the case of using a retardation 
?lm having a thickness of 60 pm and made of polycarbonate 
having R(0) of 137 nm, Ry(40) of 153 nm, and Ry of 1.12 
(n=1.586, nx=1.5876, ny=1.5853, nZ=1.5850), it Was pos 
sible to maintain the surface re?ectance at 1% or less. 
HoWever, Where the display surface Was inclined in the 
horiZontal direction, the graduation inversion Was recog 
niZed at 45°. 

Example 10 

[0097] A liquid crystal display device equipped With a 
touch panel Was assembled as in Example 9. In Example 10, 
used Was a ?lm having a thickness of 75 pm and prepared 
by uniaxially draWing AIF75 (trade name of a polyarylate 
?lm having a glass transition temperature of 215° C. and 

manufactured by Kanegafuchi Chemical Industries K. The ?lm had R(0) of 139 nm, Ry(40) of 158 nm and Ry of 

1.14 (n=1.597, nx=1.5984, ny=1.5965, nZ=1.5961) and a 
photoelasticity coefficient of 98x10“13 cm2/dyne. Also used 
Was a second retardation ?lm having a thickness of 75 pm 
and made of polycarbonate containing bisphenol A. The ?lm 
had R(0) of 140 nm, Ry(40) of 123 nm and Ry of 0.88 
(n=1.586, nx=1.5865, ny=1.5846, nZ=1.5869) and a photo 
elasticity coef?cient of 74x10“13 cm2/dyne. 

[0098] The surface re?ectance of the liquid crystal display 
device Was not higher than 1%. Also, Where the displayed 
image Was observed by inclining the displayed image in a 
horiZontal direction of the display surface, the graduation 
inversion Was not recogniZed even if the surface Was 
inclined by 60° or more. 

[0099] On the other hand, in the case of using the second 
retardation ?lm made of polycarbonate and having a thick 
ness of 60 pm, R(0) of 137 nm, Ry(40) of 153 nm and Ry 
of 1.12 (n=1.586, nx=1.5876, ny=1.5853, nZ=1.5850), it Was 
possible to maintain the surface re?ectance at 1% or less. 
HoWever, Where the display surface Was inclined in the 
horiZontal direction, the graduation inversion Was recog 
niZed at 45°. 

Reference Example 2 

[0100] The liquid crystal display device prepared in each 
of Examples 9 and 10 Was left to stand for 500 hours under 
an atmosphere having a relative humidity of 90% and 
temperature of 60° C. A change in color tone Was not 
recogniZed in the displayed image in the liquid crystal 
display device for Example 9. HoWever, a change in the 
color tone Was partially recogniZed in the displayed image in 
the liquid crystal display device prepared in Example 10. 

[0101] The present invention provides a liquid crystal 
display device integral With a touch panel having a high 
contrast and exhibiting good display quality over a Wide 
vieWing angle. 

[0102] Additional advantages and modi?cations Will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the speci?c 
details and representative embodiments shoWn and 
described herein. Accordingly, various modi?cations may be 
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made Without departing from the spirit or scope of the 
general inventive concept as de?ned by the appended claims 
and their equivalents. 

What is claimed is: 
1. A transparent touch panel, comprising: 

a pair of transparent conductive substrates each having a 
transparent conductive ?lm formed on at least one 
surface and arranged such that the transparent conduc 
tive ?lms of the transparent conductive substrates are 
alloWed to face each other, said pair of transparent 
conductive substrates being brought into mutual con 
tact upon depression of the transparent conductive 
substrate on the upper side so as to perform the position 
detection; and 

a retardation ?lm made of an amorphous plastic material, 
meeting the relationship nZ>ny, and having a retarda 
tion R(0), Which is represented by (nX—ny)><d, falling 
Within a range of betWeen 90 nm and 200 nm, Where d 
represents the thickness of said retardation ?lm, nX 
represents the maXimum refractive indeX Within the 
plane of the retardation ?lm, ny represents the refrac 
tive indeX in a direction perpendicular to nX, and n2 
represents the refractive indeX in a thickness direction 
of the retardation ?lm. 

2. The transparent touch panel according to claim 1, 
Wherein the photoelasticity coef?cient of the retardation ?lm 
falls within a range of betWeen 5x10“13 cm2/dyne and 
65x10 cm2/dyne. 

3. The transparent touch panel according to claim 1, 
Wherein said one transparent conductive ?lm is formed 
integral on said retardation ?lm. 

4. Aliquid crystal display device equipped With the touch 
panel recited in claim 1, Wherein a coating layer is formed 
on at least that surface of said retardation ?lm on Which said 
transparent conductive ?lm is formed. 

5. The liquid crystal display device equipped With a touch 
panel according to claim 4, Wherein a ?ller is added to said 
coating layer. 

6. Aliquid crystal display device equipped With the touch 
panel recited in claim 1, Wherein the glass transition tem 
perature of said retardation ?lm is 80° C. or higher. 

7. A liquid crystal display device equipped With a touch 
panel, comprising: 

a polariZing plate arranged on the side of the display 
surface; 

a liquid crystal cell; and 

the transparent touch panel recited in claim 1, said trans 
parent touch panel being arranged betWeen the polar 
iZing plate and the liquid crystal cell. 

8. The liquid crystal display device equipped With a touch 
panel according to claim 7, Wherein an antire?ection treat 
ment is applied to said polariZing plate. 

9. A liquid crystal display device equipped With a touch 
panel, comprising a polariZing plate, a ?rst retardation ?lm, 
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a touch panel, a second retardation ?lm and a liquid crystal 
cell, Which are arranged in the order mentioned, 

Wherein, said touch panel is a resistance ?lm type trans 
parent touch panel, 

the retardation value represented by (nX—ny)><d falls 
Within a range of betWeen 90 nm and 200 nm, Where nX 
represents the refractive indeX in the direction of the 
sloW aXis (maximum refractive index) Within the planes 
of the ?rst and second retardation ?lms, ny represents 
the refractive indeX in a direction perpendicular to the 
sloW aXis, nZ represents the refractive indeX in the 
thickness direction of the ?rst and second retardation 
?lms, and d represents the thickness of the ?rst and 
second retardation ?lms, and 

at least one of the ?rst and second retardation ?lms meets 
the relationship nZ>ny. 

10. The liquid crystal display device equipped With a 
touch panel according to claim 9, Wherein the ?rst retarda 
tion ?lm meets the relationship nzény and the second 
retardation ?lm meets the relationship nZ>ny. 

11. The liquid crystal display device equipped With a 
touch panel according to claim 9 or 10, Wherein the ?rst and 
second retardation ?lms are arranged such that the nX 
directions of these retardation ?lms are substantially per 
pendicular to each other. 

12. The liquid crystal display device equipped With a 
touch panel according to claim 9, Wherein the ?rst retarda 
tion ?lm is made of a resin having a photoelasticity coef? 
cient falling Within a range of betWeen 5x10“13 cm2/dyne 
and 65x10‘13 cm2/dyne. 

13. The liquid crystal display device equipped With a 
touch panel according to claim 9, Wherein the ?rst and 
second retardation ?lms are made of the same material. 

14. The liquid crystal display device equipped With a 
touch panel according to claim 9, Wherein a coating layer is 
formed in at least that surface of said ?rst retardation ?lm on 
Which is formed the transparent conductive ?lm. 

15. The liquid crystal display device equipped With a 
touch panel according to claim 14, Wherein a ?ller is added 
to said coating layer. 

16. The liquid crystal display device equipped With a 
touch panel according to claim 9, Wherein an antire?ection 
treatment is applied to said polariZing plate. 

17. The liquid crystal display device equipped With a 
touch panel according to claim 9, Wherein a polariZing plate 
is arranged betWeen the second retardation ?lm and the 
liquid crystal cell. 

18. The liquid crystal display device equipped With a 
touch panel according to claim 9, Wherein the glass transi 
tion temperature of said ?rst and second retardation ?lms is 
80° C. or higher. 


